Abstract: This research was aimed at isolating and identifying the predominant lactic acid bacteria (LAB) in the traditional Chinese salt-fermented soybean food, douchi, from Yunnan, China. The predominant LAB present were isolated and identified by conventional culture-dependent methods combined with molecular biological methods. Two hundred and sixty isolates were obtained from thirty kinds of traditional fermented douchi from six cities and counties in Yunnan, and those strains were divided into twelve groups by their morphological and biochemical characteristics. Based on 16S ribosomal DNA (rDNA) sequencing and analysis, 56 representative strains were identified as belonging to 6 genera and 14 species: Lactobacillus (4 spp.), Weissella (3 spp.), Pediococcus (2 spp.), Staphylococcus (2 spp.), Enterococcus (1 sp.), and Bacillus (2 spp.). The results show that douchi contains a large natural population of LAB of diverse composition from which some strains could be selected as starters for functional fermented foods. This is the first study on the original douchi from Yunnan, and the results suggest that it may be a useful source for the isolation of LAB. This study has also laid a foundation for further research on developing functional douchi products.
Introduction
Douchi is a traditional Chinese salt-fermented soybean food which has not only been very well known and popular in China since ancient times, but has also been used as a medicine and for food seasoning for millennia (Zhang et al., 2006) . Yunnan lies in the plateau regions of southwest China, and people of over twenty ethnicities live there. Because of its diverse landforms, changeable climate, and abundant resources, Yunnan is rich in douchi resources. Douchi is a regular part of the local diet and plays an important role in economic, social, and cultural development. Although it is very popular in Yunnan, douchi has not been studied in great detail to date. In Yunnan, it is made by a traditional processing method: soybean [Glycine max (L.)] seeds are washed and soaked in water for 24 h, then boiled for 1-2 h, dried and packed tightly in a small bamboo basket layered with leaves of bamboo (Bambusoideae spp.) or banana (Musa spp.). The baskets are incubated and covered with the leaves of soybean plants to maintain an above-ambient temperature. After 3 to 5 d of fermenting, salt (NaCl) is added to about 12%-15% (w/w), and spices (such as sugar, Chinese prickly ash, fresh hot pepper paste, or dry hot pepper powder) are added, and the mixture is packed in a tank for about one month.
Lactic acid bacteria (LAB) belong to a group of Gram-positive bacteria that excrete lactic acid as their main fermentation product into the culture medium, and are generally recognized as safe (Konings et al., 2000) . Nowadays, LAB are important for the food and dairy industries because the lactic acid and other organic acids produced by these bacteria act as natural preservatives and flavour enhancers. LAB are also regarded as probiotics which are able to stimulate immune responses and prevent infections against enteropathogenic bacteria (Reid, 1999) . Thus, LAB could contribute to food safety. Research has shown that LAB exist in fermented soybean food, such as tempeh and douchi in Taiwan (Moreno et al., 2002; Chen et al., 2006) . It is important to define the exact composition of native douchi LAB and distinguish them down to the subspecies level, because this may raise the status of douchi, increase its marketability and profitability, and make it more commercializable.
Traditional bacterial classification methods based on morphological, physiological, and biochemical tests can be time-consuming, misleading, and laborious (Wattiau et al., 2001) . To overcome these shortfalls, various methods that use DNA typing for molecular identification of microbial resources have been developed. More convenient and accurate identifications are achievable using nucleotide base sequencing of 16S ribosomal DNA (rDNA), which provides a basis for phylogenetic analysis and identification (Chin et al., 2006) . Several studies have rapidly classified LAB based on 16S rDNA sequencing and this method can be used to identify and distinguish the LAB at the subspecies level (Kim B. et al., 2003; Chao et al., 2008) .
This research was aimed at isolating and identifying the predominant LAB microflora from Yunnan traditional fermented douchi by conventional culture-dependent methods combined with molecular biological methods. Furthermore, the goal of this study was to determine the natural population of LAB in douchi and construct a phylogenetic tree of these microorganisms.
Materials and methods

Collection of samples
Thirty douchi samples were collected from six cities and counties within the main douchi-producing areas of Yunnan (Table 1) . Each 100 g sample, prepared using traditional household methods, was collected and put into a sterilized polyethylene sampling bag, then transported to the laboratory where it was stored immediately at 4 °C. Analysis within two days of sample collection was considered optimal.
Isolation of LAB
To isolate LAB from douchi, direct spreading and accumulation methods were used . For both methods, appropriate dilutions were spread onto acidic de Man-Rogosa-Sharpe (MRS) agar plates (pH 6.3, Oxoid Ltd., Basingtoke, Hampshire, England) supplemented with 0.04 g/L bromocresol purple and 0.01 g/ml CaCO 3 (de Man et al., 1960; Lim and Im, 2009 ). All the plates were incubated under anaerobic conditions (AnaeroPack Rectangular Jar, Mitsubishi Gas Chemical Co. Inc., Japan) for 48-72 h at 35 °C. After incubation, the colonies of LAB on the MRS agar plates were counted.
Typical colonies with different morphologies and which formed a clear zone were randomly isolated from the MRS agar plates using sterilized toothpicks. Five to ten LAB strains from MRS agar plates of each of the fermented douchi samples were randomly selected according to Harrigan and McMance (1976) . All the isolates were cultured in MRS broth, and purified by replating on MRS agar plates (Chen et al., 2006) . Prior to the molecular identification, the phenotypes of microbial isolates were determined based on colony and cell morphology. Then, the isolates were checked by Gram staining and catalase reaction (Mohd Adnan and Tan, 2007) . Only isolates which had clear halos and were catalase-negative and Gram-positive, were chosen for further analysis. These isolates were stored at −80 °C in MRS broth containing 50% glycerol prior to molecular analysis (Benito et al., 2008) .
Identification of LAB isolates
Total DNA was extracted from 1.5 ml of each isolate MRS broth, as described by Schmidt et al. (1991) , with slight modification. Briefly, samples were centrifuged and the sediments were washed using water. The centrifuged cells were treated with lysozyme (1 mg/ml finally). After incubation for 2 h at 37 °C, samples were treated with sodium dodecyl sulfate [SDS, 1% (0.01 g/ml) finally] and proteinase K (0.4 mg/ml finally) and incubated for 1 h at 37 °C. Next, cetyltrimethylammonium bromide [CTAB, 1% (0.01 g/ml) finally] was added to the tubes which were then incubated at 65 °C in a water bath for 20 min. Cell lysates were extracted with an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1, v/v/v), mixed thoroughly, and centrifuged at 15 000 r/min for 10 min. The upper phases of the centrifugation products were transferred to new tubes and an equal volume of chloroform/isoamyl alcohol (24:1, v/v) was added. Samples were then centrifuged at 15 000 r/min for 10 min and the upper phases were transferred to new tubes. A 0.6-volume of ice cold isopropanol was added to the samples. An additional centrifugation was performed at 12 000 r/min for 15 min at 4 °C. The pellet was then washed with ice-cold 70% ethanol, dried, and resuspended in TE buffer [10 mmol/L Tris-HCl, pH
Sequence analysis of the 16S rDNA was used to classify and identify the LAB isolates. The 16S rDNA polymerase chain reaction (PCR) amplifications of isolated strains were performed with two universal primers, 27F (5′-AGA GTT TGA TCA TGG CTC AG-3′) and 1492R (5′-TAC GGT TAC CTT GTT ACG ACT T-3′) (Kim et al., 2009) . The PCR reaction was carried out using a TaKaRa Ex Taq gene amplification PCR kit (TaKaRa, Dalian, China) and performed on an ABI PCR System 2720 (Applied Biosystems, Singapore). The thermocycle program was as follows: 95 °C for 5 min; 35 cycles at 95 °C for 1 min, 60 °C for 1 min, and 72 °C for 2 min; and a final extension step at 72 °C for 10 min. After cycling, the PCR products were separated by electrophoresis on a 1% agarose gel (0.01 g/ml) containing ethidium bromide in 1× Tris-acetate-EDTA (TAE) buffer, and the results of the 1% agarose gel electrophoresis revealed a 1 466-bp PCR product. The bacterial 16S rDNA amplicons were purified using a PCR clean-up gel extraction kit (Macherey-Nagel GmbH, Germany) according to the manufacturer's instructions, and were confirmed by 1% agarose gel electrophoresis. For phylogenic identification, the target regions of 16S rDNA were partially sequenced using a BigDye Terminator V3.1 cycle sequencing kit (Applied Biosystems, Foster City, CA) and an ABI 3730 PRISM genetic analyzer (Applied Biosystems, USA).
The 16S rDNA sequence homologies were examined by comparing the sequences obtained with those in the National Center for Biotechnology Information (NCBI) GenBank database and by using the online analysis tool EzTaxon (Chun et al., 2007) . For phylogenetic analysis, sequences were aligned using the CLUSTAL X software (Thompson et al., 1997; Larkin et al., 2007) . A phylogenetic tree was constructed by the neighbor-joining method (Saitou and Nei, 1987) with 500 bootstrap pseudoreplicates, using MEGA 4.0.1 (Tamura et al., 2007) .
Results
LAB counts and strain isolation
LAB in thirty douchi samples were evaluated under anaerobic growth conditions on semi-selective MRS agar plates. All of the isolates which were Gram-positive produced white or light-yellowish colonies. Samples of YM-2, JS-3, JS-7, YH-10, YH-12, YH-13, ZT-3, QB-1, QB-3, XG-1, and XG-3 had the highest amounts of LAB on MRS agar, and among the samples ZT-3 and XG-3 have the most cells, at 2.0×10 9 colony forming unit per ml (CFU/ml). By contrast, sample YM-6 had the lowest cell count at 1.0×10 6 CFU/ml ( Table 1 ). All of the samples from Shangri-la in west Yunnan had the highest average amount of LAB cells (Table 1) . Two hundred and sixty acid-producing bacterial colonies were selected from all the plates randomly and were divided into twelve groups according to their morphological and biochemical characteristics, and then used for further studies.
Identification and phylogenetic analyses of LAB from douchi
Fifty-six representative acid-producing bacterial strains which were Gram-positive and had clear halos on MRS agar were selected from the twelve bacterial groups, and were identified by their 16S rRNA gene sequences. The fifty-six representative strains isolated from the original fermented douchi were classified into six genera and fourteen species by partial sequencing of their 16S rDNA. Forty-nine of the strains were identified as LAB, including the following species: ten Lactobacillus plantarum, two L. brevis, two L. fermentum, one L. alimentarius, ten Weissella confuse, five W. paramesenteroides, one W. cibaria, seven Pediococcus acidilactici, five P. pentosaceus, four Enterococcus faecalis (identified by their biochemical characteristics, data not shown), one Staphylococcus simulans, and one S. capitis. The other acid-producing bacteria included seven strains of Bacillus sp. (Fig. 1) .
The phylogenetic relationships among the partial 16S rRNA gene sequences of the 56 representative strains are shown in Fig. 1 . The phylogenetic tree clearly shows that all the acid-producing bacterial strains were grouped into two categories at a similarity level of 76%, and all of the screened strains were assigned to twelve clusters (Fig. 1) . The sequences affiliated to L. plantarum were isolated mostly from samples from central and southeast Yunnan. Sequences which were close to the genus Pediococcus were found in nearly all the samples from the different areas in Yunnan Province. The sequences which had more than 99% similarity to the genus Weissella were detected mostly in samples from south and southeast Yunnan. Some sequences from almost all the areas in Yunnan Province could be assigned to the genera Enterococcus, Staphylococcus, and Bacillus. 
Discussion
In this study, the community structure of the predominant LAB in spontaneously fermented douchi was studied by conventional culture-dependent methods combined with molecular biological methods. LAB strains were identified on the basis of their genotypic characteristics, using direct DNA extraction, 16S rDNA amplification and sequencing. To our knowledge, this is the first study to investigate the natural populations of LAB in douchi using culturedependent methods combined with molecular biological methods in China. This research will play an important role in the development of fermented soybean food. The subject of this study was the molecular identification of LAB populations obtained from 30 different douchi samples from Yunnan.
Based on these combined culture-dependent and molecular biological methods, a diverse range of LAB genera were detected in douchi. Six genera and over fourteen species were identified (Table 2) . Based on the results (Fig. 1) , Lactobacillus spp., Weissella spp., and Pediococcus spp. were the predominant LAB in douchi samples collected from Yunnan, China. The 16S rDNA sequences of the four strains from southeast Yunnan and the five strains from central Yunnan were affiliated to L. plantarum which has been found to play an important role in many types of fermented food (Briggiler Marcó et al., 2011; Won et al., 2011; Zago et al., 2011) . Nearly all sequences which were associated with W. paramesenteroides were detected in samples from south Yunnan, and sequences affiliated to W. confuse were detected in the samples from south and southeast Yunnan. The genus Weissella has also been recognized as activated LAB in fermented food (Ndagano et al., 2011) . The distribution of the strains did not show any significant trend among the sample areas. Some rare LAB strains were also found in the douchi samples, such as W. cibaria, S. simulans, and S. capitis ( Table 2) .
The results also showed that different species were isolated from different samples ( Table 2 ). This could be related to the different sampling points and processing technologies. However, it is necessary to confirm this trend by large-scale sampling and isolation. When phylogenetic analysis was carried out, a LAB population was found in all samples, and six genera were found in each douchi producing area (Fig. 1, Table 2 ). Nevertheless, some areas had specific LAB populations. Lactobacillus spp. were not found in samples from west Yunnan (Shangri-la); the southern producing areas (Jianshui and Yuanyang) had the largest populations of LAB, but no L. plantarum was found in samples from those areas; in northeast Yunnan (Yongshan), the isolated strains were significantly different from those found in other areas (Fig. 1) . When identifying Enterococcus species Fig. 1 Cluster J). Other studies have shown the same results, and found it difficult to identify these strains to the species level based on the DNA sequences alone (Devriese et al., 1992; . Finally, isolated Enterococcus sp. strains were identified as E. faecalis by their biochemical characteristics with an API50 CHL kit (data not shown). In most cases, strains of the same species were grouped into a unique cluster, and significant differences existed between these strains; these differences may relate to the douchi samples originating from different producing areas and processing technologies. These results demonstrate that differences in LAB species exist in spontaneously fermented douchi from Yunnan. The diversity of geographical factors and changing climatic conditions in the region may be the reasons for the diversity of LAB populations.
The other important outcome of this study relates to the LAB populations of commercially manufactured douchi and homemade douchi. Natto and tempeh are two kinds of fermented soybean food in Japan and Indonesia, respectively. Both are similar to douchi and are fermented by pure strains such as B. subtilis natto and Rhizopus oryzae, respectively. Although these two commercial soybean foods are becoming more and more popular among people around the world, there are few reports about their LAB flora. Compared with factory-produced douchi from Taiwan, Yunnan douchi has a diverse population of LAB (Chen et al., 2006) .
Our results showed a different activated bacterial community structure from those found in previous studies related to fermented soybean. The predominant LAB of Taiwanese douchi are Enterococcus spp. (Tsai et al., 2007) , whereas the predominant LAB in Yunnan douchi are Lactobacillus, Weissella, and Pediococcus. As to the famous fermented soybean food, natto, the activated bacteria are from the genus Bacillus (Kubo et al., 2011) . These results suggest that the activated bacterial community structure varies greatly between different areas and fermentation methods. Furthermore, the samples collected from Jianshui in south Yunnan were poor in proteinaseproducing bacteria. It has been suggested that proteinase-producing bacteria are inhibited by the LAB from douchi. However, more studies are needed to confirm this phenomenon.
In conclusion, various LAB exist in douchi and identification of the LAB species that dominate the spontaneously fermented douchi is an important step in the development of new starter cultures for soybean fermentation. As for methods of isolation, accumulation under anaerobic conditions appears to be a suitable method for isolating LAB from douchi. Among the LAB strains, four E. faecalis, one S. capitis, and five B. cereus strains were detected in the douchi samples (Table 2 ). This indicates that consumption of douchi could be potentially hazardous, which might compromise the product in terms of food safety (Nout et al., 1998; Abriouel et al., 2008) . To solve this problem, stricter hygienic measures during the manufacturing process and appropriate starter cultures should be adopted. Some douchi-isolated LAB strains showed antibacterial activities and other physiological functions. Future studies in our laboratory will characterize and identify the functional starter cultures and the physiologically active substances of these isolates. The data presented in this paper will provide a useful framework for further studies of the LAB population dynamics of douchi fermentation. To facilitate commercialization and increase consumer confidence in the fermented soybean food, douchi, in Yunnan, the quality control of starters and more accurate species labeling by molecular techniques are required.
